INTRODUCTION {#sec1-1}
============

Difficult airway management may be a major cause of severe perioperative morbidity and mortality related to anesthesia.\[[@ref1][@ref2]\] Preoperatively, a lack of airway assessment, training and teaching seems to be a cause for concern.\[[@ref3][@ref4]\] Nevertheless, intubation difficulty arises in 1-4% of patients who have seemingly normal airways.\[[@ref5]\] Based on emergent intubations, 10% of the patients are found to have a difficult airway, which is an independent predictor for airway complications.\[[@ref6]\]

Patients who are difficult to intubate are at higher risk for airway-related complications; and reported complication rates range from 4.1% to 28% (esophageal intubation, 1.6-9%; aspiration, 2-4%; and oropharyngeal trauma, 0.5-7%).\[[@ref6]\] Thus, unexpected difficult intubation is an intermittent and often challenging problem for clinically practicing anesthesiologists, maxillofacial surgeons, eye, ear, and nose (ENT), emergency, and critical care physicians.\[[@ref6][@ref7]\] An increasing number of airway management devices have been introduced into clinical practice.\[[@ref3][@ref8]\] One such device is the tracheal tube introducer (bougie), which has been widely used to facilitate endotracheal intubation.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Ideally, it is used when the glottic opening is partially visible, it can also be effective when only the epiglottis is seen. The gum elastic bougie is effective to solve most problems occurring during predicted and unexpected difficult airway management.\[[@ref10][@ref11]\] Difficult airway management guidelines advise its use in cases of unexpected difficulty, most often due to a poor view of the vocal cords on laryngoscopy (Cormack-Lehane grade 3 or 4 view).\[[@ref12]\] It ensures a \>90% success rate.\[[@ref5]\] Clinical manifestations implicated in iatrogenic airway injury are minimal, usually blood on the tip at withdrawal or at later tracheal suction.\[[@ref5]\]

We present a new approach for making endotracheal intubation easy and successful, particularly in unexpected difficult airway and evaluate its efficacy in a retrospective observational study.

MATERIALS AND METHODS {#sec1-2}
=====================

Only consultant anesthesiologists running the operating rooms at the time of the study were invited to participate. They were informed what the study entailed. None of them declined to take part. The choice and use of intubating introducers were left to them, depending on their own experience of using them. Generally, the tracheal tube introducer is indicated for expected or confirmed difficult intubations, crash intubation in emergency situations and in patients with full stomach, and intubation using spiral tubes in surgical procedures with field avoidance or in prone position.

A 5.6 Rüsch tracheal tube introducer with its soft tip protruding at least 6 cm (=4 digits) beyond the distal end of the tube was used for facilitating endotracheal intubation in adult patients with or without difficult intubation. Using a lubricant (Xylocain^®^ Gel 2%, AstraZeneca Germany, Wedel), the gum elastic bougie was introduced as an internal splint in the tube to give it the necessary form for an unexpected difficult intubation \[[Figure 1](#F1){ref-type="fig"}\]. It was easily formed and well adapted to the anatomical airway structures of the patient. All the introducers used in this trial were brand-new.

![The tracheal introducer protrudes at least 6 cm (=4 digits) beyond the distal end of the Magill tube](IJCIIS-4-24-g001){#F1}

For evaluating the visibility of the glottic opening and thus assuming the intubation difficulty, the conventional Cormack and Lehane classification of grades of laryngeal view was used on the base of the Cook\'s modification (grade 1 -- most of cords visible; grade 2a -- posterior cords visible, grade 2b -- only arytenoids visible; grade 3a -- epiglottis visible and liftable, grade 3b -- epiglottis visible but closely applied to posterior pharyngeal wall; grade 4 -- no part of larynx visible).\[[@ref13]\]

During laryngoscopy, once identifying the epiglottis clearly (Cormack and Lehane 2a and 2b, easy or restricted view), the laryngoscope blade (Macintosh size 3 or 4) was first placed with its tip in the plica glossoepiglottica and raised in the direction of the handle vigorously while the nurse retracting the skin at the right corner of the mouth and moving the larynx to the proper position as required by the anesthesiologist to facilitate a better view for insertion of the tracheal tube introducer. After insertion of the introducer through the larynx into the trachea under laryngoscopic control, the endotracheal tube should then be gently advanced upon rotation around 360° clockwise into the trachea \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. If the posterior commissure remained covered by the epiglottis during laryngoscopy (Cormack and Lehane 3a and 3b, restricted or difficult view), the insertion of the introducer might succeed under the epiglottis when lifted carefully by the cranially directed tip of the introducer.

![Laryngoscopy in a patient with stiff neck and limited mouth opening, gently advancing the Magill tube upon rotation around 360° clockwise into the trachea](IJCIIS-4-24-g002){#F2}

![Final assessment of the tube being placed endotracheally](IJCIIS-4-24-g003){#F3}

Advancing the tube gently followed blindly over the introducer into the trachea by good lubrication of the introducer and the tube itself. It should never be advanced against resistance, and only by tube rotation 360°. Important is also the observable backward push of the introducer by good lubrication while advancing the tube endotracheally \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\].

RESULTS {#sec1-3}
=======

Anesthesia services at the "Marienkrankenhaus" in Papenburg, a teaching hospital of the Hannover Medical School, Germany were analyzed on a total number of 10,363 patients over a period of 12 months from 20 October 2010 to 19 October 2011 \[[Figure 4](#F4){ref-type="fig"}\]. Approval from the institutional review board was obtained in advance.

![Flow diagram of anesthesia services over 12 months](IJCIIS-4-24-g004){#F4}

Of these, 5103 (49%) patients were excluded from the study because services were offered using local/regional anesthesia (*n* = 2020, 19.5%) or laryngeal mask (*n* = 1172, 11.3%), and most ophthalmological patients (*n* = 1911, 18.4%) were operated on using either a retrobulbar or a peribulbar block with standby and a small dosage of propofol while performing the block. Only 5260 of the 10,363 patients (50.8%) were intubated for different surgical procedures as outlined in [Table 1](#T1){ref-type="table"}.

###### 

Analysis of anesthesia services over 12 months

![](IJCIIS-4-24-g005)

A total of 2453 patients (23.7%) (Group A) were intubated with an introducer keeping its tip inside the tube in the usual way, but without using tube rotation technique. In this group, intubation difficulties were encountered in 63 patients (2.6%). All of them were managed either with the tube rotation technique (*n* = 60) (Cormack and Lehane 3a und 3b) or Bonfils endoscope (*n* = 3) (Cormack and Lehane 3b/4). However, 2807 patients (27.1%) (Group B) were initially intubated with tracheal tube introducer and tube rotation technique as described earlier. Most of them were successfully intubated; difficult intubations occurred only in three patients (0.11%) who could finally be managed with tube introducer rotation technique by experienced consultant anesthesiologists (Cormack and Lehane 3b).

DISCUSSION {#sec1-4}
==========

Basrah University Medical Center in Iraq had been caring for patients with the most devastating facial injuries during the first and second Gulf Wars. Under such difficult circumstances, the most senior author of this article started to use the above described technique of tube rotation during endotracheal intubation in life-threatening airway emergencies. Under his supervision, we also have practiced the tube rotation technique using the malleable introducer with its soft tip protruding at least 6 cm beyond the distal end of the tube at two German teaching hospitals for 19 years without any obvious damage to the trachea.

From 1992 to 2010, retrospective observations at the "Klinikum Bernburg," a teaching hospital of Martin Luther-University in Halle, Germany showed that the tube rotation technique was applied easily and successfully in 7200 patients. Only 4 out of 7200 patients (0.056%) could not be intubated with the presented technique. In two patients scheduled for gynecologic surgery and surgical reintervention after carotid endarteriectomy (Cormack and Lehane 3b/4), intubation was accomplished with the tube rotation technique under jet ventilation using a jet cannula inserted intratracheally through the cricothyroid membrane. The other two patients were managed by fiberoptic intubation or laryngeal mask (Cormack and Lehane 3b/4).

Based upon the high success rate, a retrospective observational study was conducted at the "Marienkrankenhaus" in Papenburg, a teaching hospital of the Hannover Medical School in Germany over one year. The results were comparable to those of the retrospective observations obtained at the "Klinikum Bernburg." They also showed that the rotation technique has proven useful in all intubations, particularly in patients with suggested or confirmed difficult intubations or crash intubation with or without full stomach.

Baum *et al*. described a similar technique without tube rotation for the Oxford nonkinking tube (ONK tube) in detail and recommended its use for controlling unexpected difficult intubation.\[[@ref14]\] The main objective of any technique securing the airway in unexpected difficult intubations, particularly in patients with full stomach is to minimize the time interval between loss of protective airway reflexes and tracheal intubation with a cuffed endotracheal tube\[[@ref15]\] and to intubate safely under controlled circumstances with the least possible trauma to the pharyngeal structures and upper airways, while maintaining the vital signs. Using the tube rotation technique after sufficient training, the objective can easily be achieved even by intubators without strong muscle power for visualization of the glottic opening during laryngoscopy.

However, the intubator must be well familiar with the tube rotation technique at 360° clockwise. For the safety of the patient, the manufacturers' recommendation that lubrication be used when bougies are employed to assist endotracheal intubation should be followed. The 5.6 tracheal tube introducer as an internal malleable splint with its soft tip protruding at least 6 cm (=4 digits) beyond the distal end of the endotracheal tube for adults must be easily formed and well adapted to the anatomical airway structures of the patient; on the other hand, it must also be stable enough to stay in a desired shape during intubation. The tube should be gently advanced upon rotation 360° clockwise with the introducer into the trachea to allow for smooth passage through the glottis and to avoid the introducer tip catching on laryngeal structures. Important is also the observable backward push of the introducer by good lubrication while gently advancing the tube upon rotation endotracheally. However, mounting the tube onto the introducer and introducing them as a unit is not advised, and it is more likely to cause airway trauma.

Therefore, a carefully passed introducer that advances into the trachea by rotation without resistance is added assurance that an endotracheal tube will be able to be placed without causing further damage. Potential signs of correct placement of the introducer seen to pass through the vocal cords, such as "clicks" as it passes along the tracheal rings, and "distal hold up" as it reaches the tracheal bifurcation, could not be detected in our study. Thus, any endotracheal damage will be prevented by good lubrication and rotation of both endotracheal tube and its introducer. However, advancing the tube without rotation, while inserting the introducer endotracheally, may harm the trachea either by perforation or laceration of tracheal wall. It seems likely that the risk of tissue trauma is much greater with "distal hold up" than with "clicks," especially with introducers that can exert large forces.\[[@ref16]\] The final position of the tube is then established with capnography during manual ventilation. Nevertheless, it must be emphasized that this technique particularly in difficult airway should only be performed when adequate skills and experience have been acquired.

During our experience for the past 24 years on more than 10007 patients, we are not aware of any cases of tissue trauma. In the literature, however, there have been only a few reports of severe complications, such as pharyngeal perforation, mainstem bronchus bleeding, perforation of the tracheal mucosa, and tracheal abrasion associated with hemopneumothorax. Most bougie placement complications are related to perforation caused by aggressive placement or from railroading, pushing the endotracheal tube over the bougie against resistance.\[[@ref17]\] Using the "distal hold-up sign" may favor lung trauma since railroading the endotracheal tube is sometimes difficult and necessitates placing force on the introducer, which already abuts against the bronchial wall.\[[@ref18]\] If an injury is suspected after the intubation process and imaging is not a contributory factor, a diagnosis can be made with a chest computed tomography (CT) scan or bronchoscopy.\[[@ref18]\]

LIMITATIONS {#sec1-5}
===========

This article has certain limitations due to the retrospective design of the study. The detection of complications in this design is always difficult and makes the interpretation of the presented results problematic. In addition, there is no comparison group to truly compare outcome and efficacy of intubation with or without tube rotation technique. Even then, the value of results is pertinent, due to the fact that complications are most commonly evaluated in observational or small sample studies. However, additional randomized, prospective, controlled studies are required to clearly establish the benefits and value of the tube rotation technique. Finally, we were unable to analyze long-term follow-up after intubation.

CONCLUSIONS {#sec1-6}
===========

The tube rotation technique has greatly facilitated the management of an unexpected difficult airway and also provided an additional technique to safely perform endotracheal intubation in patients with unexpected difficult airway. However, it should be used only by physicians being well familiar with this technique. Based on our experience and observations inside and outside the operating room we should not be reluctant to use it. We also suggest that well designed controlled studies should be performed to evaluate its use, efficacy, and safety in securing the airway by placement of an endotracheal tube in both emergency patients and those under general anesthesia.
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